Inhibition of astrocytic energy metabolism by D-lactate exposure impairs memory.
Bead discrimination learning in day-old chicken was inhibited by bilateral injection into the intermediate medial mesopallium (IMM), a homolog of the mammalian brain cortex, of the poorly metabolized enantiomer of L-lactate, D-lactate. The window of vulnerability extended from 10 min before training to 20 min after training. Unilateral injection 10 min before training inhibited only in the left IMM, whereas 10 min after training injection was only inhibitory if made into the right hemisphere. The pre-training administration caused memory loss from the earliest time tested whereas memory was maintained for another 20 min when D-lactate was injected 10 min post-training. The ability of acetate, an astrocyte-specific substrate, injected into the IMM to counteract the inhibitory effect was tested. Following D-lactate injection 10 min before training, rescue of memory immediately after training was achieved by acetate as long as aspartate, an oxaloacetate precursor, was also present. This suggests that pyruvate carboxylation is necessary for net synthesis of glutamate, which is known to occur at this time [Gibbs, M.E., Lloyd, H.G.E., Santa, T., Hertz, L., 2007. Glycogen is a preferred glutamate precursor during learning in 1-day-old chick: biochemical and behavioral evidence. J. Neurosci. Res., 85, 3326-3333]. However, acetate alone rescued memory 20 min post-training (following d-lactate injection 10 min after training), indicating that pyruvate at this time is used for energy production, consistent with memory inhibition by dinitrophenol. These findings suggest that D-lactate acts by inhibiting uptake of L-lactate into astrocytes (an extracellular effect) or metabolism of pyruvate in astrocytic mitochondria (an intracellular effect). An apparent lag phase between the administration of d-lactate and its inhibition of learning favors the latter possibility. Thus, under the present experimental conditions D-lactate acts as an astrocytic metabolic inhibitor rather than as an inhibitor of neuronal L-lactate uptake, as has occasionally been suggested. Analogously, a rare reversible neurological syndrome with memory deficits, D-lactate encephalopathy, may mainly or exclusively be due to astrocytic malfunction.